Abstract: A polymer THz fiber made of Topas and having a Photonic Crystal Fiber structure is demonstrated. It has low broadband loss and the dispersion of the fiber can be tailored by adjusting the structural parameters. In this paper we report on the properties of the first THz polymer photonic crystal fiber (PCF) made of Topas R cyclic olefin copolymers (COC). Topas has previously been used for microstructured optical fiber [3] but to our knowledge this is the first time Topas has been used for THz fiber. The reason for using Topas is that it has exceptionally low loss and flat dispersion in the THz range [1] . In this paper we report on the propagation loss and on the dispersion of the THz Topas PCF. The properties of the fiber have also been modeled numerically using the full vectorial software package COMSOL. From these numerical calculations the dispersion of the fiber has been calculated. The calculated dispersion profile is compared to the measured dispersion and shows excellent agrement.
In this paper we report on the properties of the first THz polymer photonic crystal fiber (PCF) made of Topas R cyclic olefin copolymers (COC). Topas has previously been used for microstructured optical fiber [3] but to our knowledge this is the first time Topas has been used for THz fiber. The reason for using Topas is that it has exceptionally low loss and flat dispersion in the THz range [1] . In this paper we report on the propagation loss and on the dispersion of the THz Topas PCF. The properties of the fiber have also been modeled numerically using the full vectorial software package COMSOL. From these numerical calculations the dispersion of the fiber has been calculated. The calculated dispersion profile is compared to the measured dispersion and shows excellent agrement. The polymer fibers are made by using a draw tower. The preform structure is drilled into a solid 60 mm Topas rod and then drawn down to approximately 6 mm diameter THz fibers. The fibers are robust and easy to handle. The fiber can be cleaved and also bent around tight corners without a significant increase in loss. In general, handling of the fibers is made easier by their size and softness. In this paper we demonstrate the design freedom with two fibers shown in Fig. 1 (a) and (b). The large mode area (LMA) fiber has a hexagonal lattice pitch of 560 µm and a hole diameter of 250 µm giving a hole diameter to pitch ratio of 0.45 . The small mode area (SMA) fiber has a pitch of 350 µm and a hole diameter of 280 µm giving a ratio of 0.8 . The small hole diameter to pitch ratio of the LMA fiber ensures that the fiber is practically single moded, while the high ratio of the SMA fiber makes it multi moded. The mode profile of the two fibers is also characterized experimentally by using near-field electro-optic sampling [2] . The images from the near-field sampling are shown together with images of the fibers in Fig. 1 (c) and (d) . The measured transmission of a single cycle THz pulse (with 2 THz bandwith) through 29 mm of LMA fiber and 26 mm of SMA fiber are shown in Fig. 2 (a) and (b), respectively. In the figure the spectrogram of the pulse is also shown. This spectrogram is generated by using the experimental transmission data and gating it with a 3 ps Gaussian window. At each gating step a FFT is made and the frequency components of the pulse at that step are found. The spectrogram is generated to illustrate the dispersion of the two fibers. From the transmitted signal, shown as a white trace in Fig. 2 (b) , together with the spectrogram it is clear that the SMA fiber has significant normal dispersion at least 4 times larger than the LMA fiber. This is to be expected since the core of the fiber is very small. The calculated dispersion of each fiber is shown as a red trace at the bottom of the figures. The dispersion is defined as: D = 1 2π
∂ν 2 where β is the propagation constant and ν is the frequency. The dispersion as shown here has the unit [ ps THz·cm ] meaning that the dispersion is the temporal broadening as a function of the bandwith of the THz pulse and length of fiber. The propagation constant can be numerically calculated and thereby the dispersion can also be calculated. These calculations can be compared to the spectrogram and reveal that the measured THz transmission fits nicely with the numerically calculated dispersion found using COMSOL. In both fibers most of the pulse is located at the zero dispersion frequency. The rest of the pulse is chirped, most significantly by the normal dispersion and only a little by the anomalous dispersion. The effects of the normal dispersion are clearest in the SMA fiber.
Cutback measurements were made on the LMA fiber. From these measurements the broadband loss was found. The broadband loss is defined as the total attenuation of the sum of the electric field squared ( |E(t)| 2 ). The Broadband loss is found to be α dB = 0.4 ± 0.06 dB/cm corresponding to a absorption coefficient of α = 0.09 cm −1 . This value is lower than the measured bulk loss of the Topas of α = 0.15 cm −1 . This is to be expected because the propagation loss is determined by the overlap between the guided mode and the material. In a PCF much of the guided mode is overlapping with the air inside the holes. This overlap has practically zero loss. The loss of the fiber will be the bulk loss minus the overlap between the guided mode and the holes of the structure. Therefore the propagation loss will be less than the bulk loss.
In conclusion, we have fabricated Topas THz PCFs that are robust and have low loss. The fibers can be bent by heating and transmission through tight bends is possible. For the first time the mode profile of the fibers has been measured in the near field using electro-optic sampling. The broadband loss of the LMA fiber has been measured using cutback measurements.
